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In RAN1 #116-bis [1], the following agreements and working assumption were made:
Agreement
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider the following alternatives or combinations for further down-selection:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· FFS: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· FFS: Alt 2-1a: gNB sends an activation command to enable pre-configured gap(s)/restriction(s), UE will skip gap(s)/restriction(s) after de-activation command is received.
· FFS: Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
· FFS: Alt 2-3: Activate/de-activate one or more of pre-configured pattern(s) via MAC-CE to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s);
· FFS: Details of activation/deactivation MAC-CE command 
· FFS: How to consider time offset between activation/deactivation command and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: details

Agreement
Confirm the working assumption from RAN1 #116 with updates:
· RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements agnostic in RAN1 normative work to types of gaps/restrictions that are caused by RRM measurements.
· It is up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be cancelled/skipped
· Note: UE features related to the developed solution(s) is a separate discussion

Proposal 2.3.2-v3:
RAN1 continues to discuss and decide whether or not to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least the following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions:
· FFS: The number of needed measurement gaps/SMTC with restrictions within a time period; 
· FFS: The maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period;
· FFS: The number of required SSBs within a time period;
· FFS: The number of consecutive RRM measurements that can be skipped;
· FFS: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements;
· FFS: The patterns of gap(s)/restriction(s) where skipping is feasible or acceptable;  
· FFS: UE assistance information related to channel conditions:
· FFS: RSRP is below/above search threshold (s-MeasureConfig);
· FFS: UE assistance information related to traffic:
· FFS: PSI (PDU set importance);
· FFS: UE assistance information related to UE mobility:
· FFS: L3 parameters related to mobility, e.g., static or not
Companies are encouraged to provide additional details (e.g. how often the UE assistance info is provided, timing, applicable scenarios, performance gains, etc) on their preferred scheme.
Note: From specification point of view, there is no mandated gNB behavior in response to any of the UE assistance information. 
RAN1 to make decision, from RAN1 perspective, in RAN1#117 on the support of UE assistance information.
Proposal 2.1.2-v6:
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider the following alternatives or combinations for further down-selection:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· FFS: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· FFS: Alt 2-1a: gNB sends an activation command to enable pre-configured gap(s)/restriction(s), UE will skip gap(s)/restriction(s) after de-activation command is received.
· FFS: Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
· FFS: Alt 2-3: Activate/de-activate one or more of pre-configured pattern(s) via MAC-CE to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s);
· FFS: Details of activation/deactivation MAC-CE command 
· FFS: How to consider time offset between activation/deactivation command and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· FFS: Details of pattern
· FFS: Alt 3-2: Gaps/restrictions skipping is applied to all MG configurations/scheduling restrictions due to all SMTC configurations / RRM measurements, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) / RRM measurement(s) and is conducted in a time-window, and time-windows are derived from a semi-static configuration for their periodicity, offset and duration.
· FFS: Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· FFS: Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.

Enabling Tx/Rx for XR during RRM measurements
2.1 	L1/L2/L3 Signalling for Deactivation of Gap(s)/Restriction(s)

Several alternatives were identified in RAN1 #116-bis for deactivation of gap(s)/restriction(s). The first Alt 1 (Alt 1-1, Alt 1-2, Alt 1-3) is based on L1 signalling. There are a few potential issues with explicit DCI signalling:

· Unnecessary overhead for XR periodic traffic: If the deactivation is very dynamic without an identifiable pattern, then an occasional temporary deactivation based on dynamic signalling is useful, such as with DCI. However, in the main target use case, which is reconciling the integer value periodicity measurement gaps with the non-integer value periodicity traffic patterns, the required deactivation has clearly identifiable patterns, so the DCI based indication is not a good functional fit. Due to this, a DCI-based indication is not justifiable and having to signal a deactivation pattern that is semi-static/persistent is an overhead and may use a lot of network resources. Therefore, a more semi-persistent or semi-static indication such as with MAC-CE or with RRC configuration can be a better option from a network capacity and UE power savings perspective. 

· Timeline requirement and scheduling offset: A few sub-options were discussed in RAN1 #116-bis under Alt 1. The indication can be per occasion (Alt 1-1), can indicate a time window where to skip a particular gap(s)/restriction(s) (Alt 1-2) or using the scheduling DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s) (Alt 1-3). In all these options, there is a timeline requirement from the end of a PDCCH reception where the UE detects the DCI that deactivates the one or more gap(s). The timeline requirement (mg-offset) is to accommodate for the minimum time after which it’s not possible to cancel the retune. With Alt 1-3 (Figure 1), the scheduling offset K0/K2 will need to indicate a number of slots greater than equivalent of mg-offset slots in case the network wants to schedule the PDSCH/PUSCH overlapping with the gap. However, the larger K0/K2 offset incurs delays in scheduling whenever data is ready for transmission in the DL. A similar observation occurs in the UL. This will impose extra delays and complicates the timeline at the UE – the UE will have to trigger the SR earlier to account for the larger K2 offset in scheduling the DG-PUSCH. Similarly, for Alt 1-1 and Alt 1-2 (Figure 2), when data arrives at the network, the network needs to delay the scheduling of the data until after deactivation of the gap. Therefore, the benefits of fast deactivation that are envisioned with DCI cannot be realized due to the bottleneck timeline requirement from the DCI to the start of the measurement gap.


                                                                              
Figure 1: Alt 1-3 DCI schedules PDSCH at least mg-offset from the last symbol of the PDCCH carrying the implicit deactivation indication.

                                                           
Figure 2: Alt 1-1/Alt 1-2 network delays the scheduling of available DL data until after deactivation of the measurement gap.

                                
· Specification impact / limited RAN1 TUs: If deactivation of gap(s)/restriction(s) is based on DCI, further study is required to design the DCI. Some of the design aspects that need to be discussed include:
· UE specific DCI, e.g., scheduling DCI, or Group common DCI GC-DCI. The former can increase overhead for the network if individual UEs must be addressed separately. The latter based on DCI 2_x designs typically have no feedback. Thus, if some UEs miss the DCI, this would result in misalignment with the network. Therefore, GC-DCIs may not be reliable due to absence of feedback from the UE. 
· Scheduling DCI or non-scheduling DCI (including whether to use a dummy grant).
· Enhance legacy DCI or introduce new DCI with new RNTI.
· Enhancing a legacy DCI format can reduce the complexity of PDCCH monitoring which is useful from the UE perspective. However, the potential issue could be that the payload size of current DCI format needs to be increased if new indication/bitfield is directly added, which leads to increased DCI size budget.
· DCI content and bit size
· DCI monitoring outside or inside CDRX active time

It is noted that there might be more design aspects not limited to the above list and with the very limited RAN1 TUs it may not be possible to address all. Then it is preferred to focus on alternatives that may require less standard impact and can be handled in RAN2 that have more TU allocation.

· Reliability: If explicit DCI-based signalling is used to deactivate gap(s)/restriction(s), the mechanism needs to be at least robust and reliable to reduce misalignments between the UE and the network. The misalignment between the UE and network is due to missed DCI. In one example, a gap is deactivated while the UE may assume that the gap is not deactivated due to the missed DCI. In this case the UE may not be able to decode the PDCCH/PDSCH scheduling the XR burst, and this subsequently contributes to larger PER.  


Observation 1. 	There is no strong motivation to support on demand deactivation of measurement gap occasion(s) using DCIs with XR predictable traffic and small jitter.

Observation 2. 	With Alt 1-1/Alt 1-2, the timeline requirement between the DCI and the start of the measurement gap introduces delays in scheduling until after the DCI deactivates a gap. With Alt 1-3, the timeline requirement introduces delays in scheduling transmissions in the DL/UL. 

Observation 3.     The DCI based indication requires extensive specification efforts that may not be finalized within the 0.5 TUs allocated for XR. Some of the discussions that RAN1 will need to discuss include whether the DCI is a scheduling DCI or non-scheduling DCI, GC-DCIs, or UE specific DCIs, whether legacy DCIs or new DCI formats, DCI content and bit size, DCI size budget, reliability of the indication. 

Proposal 1.          DCI based deactivation of gaps/restrictions is not supported for deactivation of gap(s)/restriction(s).


Given the potential issues with the DCI-based signalling, a semi-static solution to avoid the overlap as outlined in Alt 3 is preferred. The valid measurement occasions are the occasions that avoid any full or partial overlap with XR data transmission. With this semi-static approach, the valid measurement gap occasions can have an irregular pattern. For example, as shown in Figure 3, for a XR traffic with cadence 60 frame per second and measurement gap configuration of 40 msec, the first 2 measurement occasions and the last occasion overlap with XR data transmission are considered as invalid occasions for measurements within a 200 msec outer cycle / time window. To achieve this irregular pattern, the UE can be indicated that certain measurement occasions are deactivated semi-statically. With Alt 3-1 the network configures a deactivation pattern in RRC. One example of a pattern can be indicated with a bitmask (0 deactivate, 1  activate) this is sufficient for the UE to know whether a measurement gap occasion is valid for measurements or not.
                     [image: ]
Figure 3: Enhanced Measurement Gaps with Alt 3-1. 


With Alt 3-4, a configurable priority for resolving the conflict between the semi-static channels/signals and the measurement gaps. The configuration can indicate whether semi-static channels/signals are of higher priority over measurement gaps. For example, as shown in Figure 4, when SPS or CG overlaps with measurement gaps, network configures whether a SPS/CG has higher priority than measurement gap occasion. Moreover, the network configures which LCH(s) has higher priority than a measurement gap occasion. Similarly other higher priority channels/signals can also be received/transmitted during the measurement gaps such as high priority PUCCH (high priority SR, HARQ-ACK). Alt 3-4 provides more flexibility than Alt 3-3 (which is not priority based), as such it is preferred over Alt 3-3.



                       
Figure 4: Collision resolved with semi-static priority that resolves the collision between CG- MG, SPS-MG, SR-MG.


Proposal 2.	Support Alt 3-1 and/or Alt 3-4 for semi-static deactivation of measurement gap. 
· Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions.
· Alt 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.


[bookmark: _Int_740b5Fbj]The reliability concern that comes with DCI-based indication can be addressed by instead using a MAC-CE (Alt 2). With the semi-persistent deactivation of gaps using MAC-CE, there is a confirmation of the reception (increased reliability) therefore it is preferred over DCI when it comes to avoiding any misalignments between the network and the UE. The MAC-CE can deactivate the measurement gap configuration until a new RRC reconfiguration configures a new measurement gap configuration. Moreover, in our views, the MAC-CE can deactivate the gap occasions but not activate measurement gap occasions. Similar to Alt1 and Alt 3, the alternatives for MAC-CE based indication should focus on skipping/deactivation of gap(s)/restriction(s). Therefore, Alt 2-1a /Alt 2-3 should be down prioritized. It should be clarified what exactly is the de-activation command in Alt 2-1. Since deactivation of gaps may require different timeline requirement than deactivation of gaps, an activation command can be RRC reconfiguration. 
 

Proposal 3.	MAC-CE can deactivate gaps/restrictions; the activation of gaps with MAC-CE is not supported.

Proposal 4. 	Semi-persistent deactivation of measurement gap configuration/occasions using MAC-CE based indication can be signalled by the network and indicates deactivation of occasions within a time window. 

Proposal 5.	Support MAC-CE indication for deactivation of gaps/restrictions, Alt 2-2, and Alt 2-1 with clarification that any further activation of gaps is based on RRC reconfiguration. 
· Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received. 
· Subsequent activation of gaps is based on RRC reconfiguration and not based on MAC-CE.
· Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.

2.2 On the Timeline Requirement
With either a DCI or MAC-CE based measurement gap deactivation indication, the UE needs to receive the indication prior to the measurement gap at timeline. The timeline is to accommodate UE internal processing to re-adjust measurement gap including switch on/off. With deactivation the timeline requirement (mg-offset) is to accommodate for the minimum time after which it’s not possible to cancel the retune. As such this timeline is not based on UE processing timeline for PDSCH/PUSCH or UL cancellation timeline. The latter are related to the UE processing capability of PDSCH and preparation/cancellation of PUSCH which is different from the minimum time after which its impossible to cancel a retune.

For any dynamic deactivation, similar timeline to that considered in Rel-17 dynamic deactivation of preconfigured measurements gaps can be considered. In Rel-17 dynamic deactivation of preconfigured measurement gaps can be DCI-based, timer-based or RRC-based. In general, if an event changes the status of a pre-configured measurement gap, the status change shall take place in the first gap instance that starts at least 5 msec after the completion of the event. In our views, if a DCI based indication is used for measurement gap deactivation, similar timeline requirement is applicable. 

Typically, RAN4 is the right working group for the discussion on the timeline for measurement gap deactivation. As such, one way forward is to trigger the work on the timeline by LS to RAN4. RAN4 can clarify the timeline requirement for the deactivation indication. 
 
Observation 4. 	The timeline is related to the minimum time after which it’s not possible to cancel the retune and is not based on the UE processing timeline for PDSCH/PUSCH or UL cancellation timeline.

[bookmark: _Hlk166222693]Proposal 6.	The indication to deactivate a gap should satisfy a timeline requirement from the reference start of the first measurement gap occasion to be deactivated. The actual values of mg-offset are based on a UE capability. 

Proposal 7.	Reuse the timeline for Rel-17 dynamic deactivation of preconfigured measurement gaps and new timeline requirement is not introduced.

Proposal 8. 	Send an LS to RAN4 for triggering timeline discussion on deactivation of gap(s)/restriction(s) and assessing the feasibility of solutions identified by RAN1 for the timeline requirement. 


2.3 UE Assistance Information
While deactivation of measurement gap occasions/configuration may be useful for the XR data transmission and reception, it may not be always possible to use extremely relaxed measurement gap configuration in practice due to the risk to mobility performance. For XR scenarios, mobility should be considered for example for AR or Cloud Gaming use cases. Then the impact on RRM needs to be carefully assessed. One possible way to solve for this issue is to consider the UE state before relaxation. If the UE state is considered before the deactivation/relaxation any negative RRM impact can be avoided. 
In NR, the network can infer the mobility status through the number of cell reselections in a certain period, which can be indicated by the UE in higher layer parameter mobilityState. Based on that, the UE mobility is considered as Normal/Medium/High mobility. As such introducing a UE assistance information related to UE mobility is not useful since existing mechanisms can be used for this purpose. Moreover, in RRC Connected, the network configures the UE with measurement reports and report events (A1/A2/A3 etc) therefore, the network has full knowledge of UE's mobility status and the RSRP/RSRQ. In R18, whether a PDU set is "important" or not is up to UE implementation (i.e. the threshold for classifying important vs not important is up to UE). So, the network does not know how important a PSI value is. As such assistance information related to the PDU Set importance should not be supported.
An explicit indication from the UE in the form of number of needed gaps/SMTC within a time period is useful. After the network receives the assistance information, it is up to network to make decision on the deactivation of gaps based on not only the DL status but also the UL as indicated/implied in the UE assistance information.

Observation 5.	The network already has sufficient information about the RSRP/RSRQ, mobility status and the delay status.

Observation 6. 	A UE may provide assistance information to the network to facilitate enabling Tx/Rx for XR. The network then decides on the deactivation pattern.

Proposal 9. 	UE assistance information to enable Tx/Rx in gaps/restrictions consists of: 
· Alt 1: The maximum number of gaps that can be skipped within a time period.
· Alt 2: Skipping pattern within a time period.	

Conclusions
In this contribution, we have provided the following observations and proposals for the enabling transmission and reception during RRM measurements for XR:
Observation 1. 	There is no strong motivation to support on demand deactivation of measurement gap occasion(s) using DCIs with XR predictable traffic and small jitter.

Observation 2. 	With Alt 1-1/Alt 1-2, the timeline requirement between the DCI and the start of the measurement gap introduces delays in scheduling until after the DCI deactivates a gap. With Alt 1-3, the timeline requirement introduces delays in scheduling transmissions in the DL/UL. 

Observation 3.     The DCI based indication requires extensive specification efforts that may not be finalized within the 0.5 TUs allocated for XR. Some of the discussions that RAN1 will need to discuss include whether the DCI is a scheduling DCI or non-scheduling DCI, GC-DCI, or UE specific DCIs, whether legacy DCIs or new DCI formats, DCI content and bit size, DCI size budget, reliability of the indication.

Observation 4. 	The timeline is related to the minimum time after which it’s not possible to cancel the retune and is not based on the UE processing timeline for PDSCH/PUSCH or UL cancellation timeline.
 
Observation 5.	The network already has sufficient information about the RSRP/RSRQ, mobility status and the delay status.

Observation 6. 	A UE may provide assistance information to the network to facilitate enabling Tx/Rx for XR. The network then decides on the deactivation pattern.


Proposal 1.          DCI based deactivation of gaps/restrictions is not supported for deactivation of gap(s)/restriction(s).

Proposal 2.	Support Alt 3-1 and/or Alt 3-4 for semi-static deactivation of measurement gap. 
· Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions.
· Alt 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.
Proposal 3.	MAC-CE can deactivate gaps/restrictions; the activation of gaps with MAC-CE is not supported.

Proposal 4. 	Semi-persistent deactivation of measurement gap configuration/occasions using MAC-CE based indication can be signalled by the network and indicates deactivation of occasions within a time window. 

Proposal 5.	Support MAC-CE indication for deactivation of gaps/restrictions, Alt 2-2, and Alt 2-1 with clarification that any further activation is based on RRC reconfiguration. 
· Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received. 
· Subsequent activation of gaps is based on RRC reconfiguration and not based on MAC-CE.
· Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
Proposal 6.	The indication to deactivate a gap should satisfy a timeline requirement from the reference start of the first measurement gap occasion to be deactivated. The actual values of mg-offset are based on a UE capability. 

Proposal 7.	Reuse the timeline for Rel-17 dynamic deactivation of preconfigured measurement gaps and new timeline requirement is not introduced.

Proposal 8. 	Send an LS to RAN4 for triggering timeline discussion on deactivation of gap(s)/restriction(s) and assessing the feasibility of solutions identified by RAN1 for the timeline requirement.

Proposal 9. 	UE assistance information to enable Tx/Rx in gaps/restrictions consists of: 
· Alt 1: The maximum number of gaps that can be skipped within a time period.
· Alt 2: Skipping pattern within a time period.
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